Abstract Sexual partner concurrency plays an important role in HIV and STD transmission. The shortage of African-American men may facilitate partner concurrency. This study evaluated whether the male-to-female ratio was associated with African-American participants' number of recent sexual partners, and whether this association differed by gender. Multilevel modeling was used to determine the influence of individual (i.e., gender) and population-level (i.e., sex ratio) variables on the number of recent sexual partners. African-American patients (N = 915; 52% male) were recruited from an STD clinic. Patients reported their number of sexual partners; the maleto-female ratio per census tract was obtained from the U.S. Census Bureau. There were fewer men than women in nearly all census tracts. The interaction between gender and the male-to-female ratio was significant. For men, there was no association between the sex ratio and their number of sexual partners. For women, as the sex ratio increased, their number of sexual partners increased; however, this association was driven by participants who reported trading sex. We found no evidence that fewer African-American men in a census tract was associated with men having more sexual partners.
One hypothesis for the disparities in HIV builds upon the smaller number of African-American men in lowincome, urban communities. There, African-American women typically outnumber men because of higher rates of incarceration and premature death among AfricanAmerican men. The relative shortage of men in such communities may reduce women's dyadic power 1 in 1 Guttentag and Secord (1983) describe two types of relationship power. Structural power results from greater political and economic resources whereas dyadic power accrues to members of the scarcer sex. Traditional gender roles typically afford men greater structural power relative to women (Theory of Gender and Power; Connell 1987) . Greater mortality among young adult males affords men greater dyadic power. Based on these considerations, it is hypothesized that African-American men possess greater structural and dyadic power relative to African-American women.
male-female relationships. In turn, women may feel compelled to be more tolerant of a male partner's concurrent partnerships. Although the potential impact of the shortage of men on sexual behavior is often noted (Lane et al. 2004; Logan et al. 2002; Mays and Cochran 1988; McNair and Prather 2004) , supporting evidence is scarce. Evolutionary theorists posit that men are predisposed genetically to prefer multiple partners, whereas women are predisposed to invest in a single partner (Buss and Schmitt 1993) . Social role theorists agree with these gender-based dispositions, but attribute these to socialization processes rather than genetics (Eagly 1987) . Researchers have found that when the male-to-female ratio is low, marriage rates are low for both men and women (Albrecht and Albrecht 2001; Albrecht et al. 1997; Fossett and Kiecolt 1993; Guttentag and Secord 1983) . It is hypothesized that, when the sex ratio is low, women are less likely to marry because there are fewer men, whereas men are less likely to marry because they value women less when there are many available women (Guttentag and Secord 1983) . Qualitative research has found that the lack of men leads to less power for women, and to concurrent sexual partnerships for men (Adimora et al. 2001; Ferguson et al. 2006) . However, qualitative research employs small samples, and the representativeness of participants is difficult to discern (Krueger and Casey 2000) .
Quantitative investigations of the relation between the male-to-female ratio and sexual behavior have been scarce. Studies using population-level data have generally found that sex ratio and incarceration rates (a proxy for the number of available men) are associated with STD rates, although this relation is sometimes rendered nonsignificant when controlling for other variables (Kilmarx et al. 1997; Thomas and Gaffield 2003; Thomas and Sampson 2005) . In one of the few studies to use both population-level and individual-level data, Smith and Subramanian (2006) found that the sex ratio in Australia was associated with the number of sexual partners in the previous year; however, they did not explore whether the male-to-female ratio had differential effects for men and women.
In this study, we investigate the relation between the male-to-female ratio, gender, and the number of recent sexual partners in a sample of patients attending an STD clinic. Our work advances previous research by using multilevel modeling to analyze individual-level as well as population-level data. Based on theory, we hypothesized that men would have more female sexual partners as the male-to-female ratio in a census tract decreased; for women, however, we did not predict an effect of the sex ratio on the number of male partners.
Methods

Participants
Patients attending an STD clinic in upstate New York were recruited as part of a randomized controlled trial (RCT; Carey et al. in press) . Inclusion criteria for the RCT included: age 18 or older; and engaged in sexual risk behavior (past 3 months), which included having vaginal or anal intercourse with more than one partner, or having vaginal or anal intercourse with a partner who had multiple partners, who injected drugs, who had been diagnosed with an STD in the past 3 months, or who was HIV positive. Patients were excluded if they were unable to consent or to participate meaningfully in the study due to mental impairment, not willing to take an HIV test, already infected with HIV, or if they had been seen at the clinic in the prior three months (to ensure that patients had not recently received one of the interventions that was being evaluated in the RCT). For these analyses, we began with the 1003 African-American patients enrolled in the RCT. Patients were excluded if they (a) lived outside the county (n = 6); (b) provided a college, erroneous, or post office box address (n = 28); (c) did not provide complete data on the number of sexual partners (n = 1); (d) lived in census tracts that included inmates (n = 23; because inmates are unavailable as sexual partners); (e) lived in census tracts with fewer than 100 African-American adults (n = 17; because estimates of the percentage of African-American men in the census tract would not be reliable); or (f) reported only same-sex partners (n = 13). Thus, the sample size for this study was N = 915.
Procedures
Complete details for the RCT are available elsewhere. In brief, patients met with a Research Assistant (RA) in a private room, and were asked if they would be willing to answer a few brief questions. Those who agreed were screened for eligibility by the RA. The study was fully explained, and written consent was obtained. Contact information was also obtained from participants. Participants then completed a computerized survey, which included demographic and sexual behavior questions. Participants completed their clinic visit, and were randomized to one of six intervention conditions in the RCT. They received $20 reimbursement for their time.
Measures
Participants were asked to report their sex, race, employment status, income, education, and marital status. In addition, participants were asked how many male and how many female sexual partners they had in their lifetime and in the past 3 months, how many episodes of unprotected sex (vaginal plus anal) they had in the past 3 months, and how many times in their lifetime they exchanged sex for money or drugs. All measures have been used extensively in previous research (Carey et al. 1997 (Carey et al. , 2000 (Carey et al. , 2004 . The outcome measure used in the present study was the number of opposite-sex partners reported in the past 3 months. Because of the short time frame (i.e., past 3 months), this measure most likely reflects the number of concurrent sexual partnerships in which participants engaged; however, serially monogamous partnerships may also have been captured by this measure.
Participants' addresses were entered into the U.S. Census Bureau website to determine the census tract in which they lived. Data from the 2000 census were used to determine the number of African-American men and women (over age 18) in each census tract; to determine the ratio of African-American men to women (i.e., the sex ratio), the number of African-American men was divided by the number of African-American women in each census tract, and multiplied by 100. Thus, the sex ratio reflects the number of men for every 100 women.
Analyses
Extreme outliers on the sexual behavior variables ([3 times the interquartile range from the 75th percentile) were trimmed. To account for the multilevel, or nested, structure of the data (i.e., people nested within census tracts), multilevel modeling was used for the main analyses (Raudenbush and Bryk 2002; Snijders and Bosker 1999) . Gender was included as an individual-level (Level I) predictor, and the sex ratio in the census tract was included as a group-level (Level II) predictor. The criterion (i.e., number of opposite-sex partners, past 3 months) was nonnormally distributed (Schroder et al. 2003) ; therefore, models were run with a Poisson distribution for the outcome variable. SAS (Proc Glimmix) was used to conduct the multi-level analyses.
In multilevel modeling, results consist of a fixed effect and variance-covariance parameter estimates. The fixed effect for gender (centered within group) indicates whether gender is related to the number of sexual partners within each census tract; the fixed effect for the sex ratio (centered at the grand mean) indicates whether the sex ratio in a census tract is related to the average number of partners for respondents from each tract; and the fixed effect for the interaction between gender and the sex ratio tells us whether the relation between the sex ratio and the number of partners differs for men and women. The covariance parameter estimates, or variance components, indicate whether there is variation among census tracts, which could be explained by adding predictors to the model. The covariance parameter for the intercept indicates whether there is variation among census tracts in the mean number of partners. The covariance parameter for gender centered within group indicates whether there is variation between census tracts in the relation between gender and the number of partners. Because the sex ratio does not vary among census tracts, there is no variance component associated with this variable. All fixed and covariance parameter estimates are conditional on the effects of the other predictors in the model.
Results
Individual-level Data
The sample was 52% (n = 478) male (M age = 29.6 years, SD = 9.9). More than one-half of participants were unemployed (n = 532; 58%), made less than $15,000 per year (n = 572; 63%), and had a high school or less education (n = 656; 72%). Most participants (n = 859; 94%) were not married. Participants reported engaging in recent and lifetime risk behavior, with an average of 2.8 (SD = 2.3) opposite-sex sexual partners in the past 3 months, 34.3 (SD = 36.4) lifetime sexual partners, and 17.5 (SD = 21.3) episodes of unprotected sex in the past 3 months (data reported from variables with outliers trimmed). Men reported more sexual partners in the past 3 months than did women (Ms = 3.2 vs. 2.5, respectively), F(1, 914) = 20.43, p \ 0.0001. The majority of participants reported more than one sexual partner in the past 3 months (n = 645; 70%). Men (82%) were more likely than women (58%) to report multiple sexual partners in the past 3 months, v 2 (1, N = 915) = 61.52, p \ 0.0001. Onequarter of the sample (n = 227) reported that they had exchanged sex for money or drugs, with women (36%) more likely to report exchanging sex than men (16%), v 2 (1, N = 899) = 46.67, p \ 0.0001. Those who reported ever exchanging sex for money or drugs reported more partners in the past 3 months than did those who did not exchange sex (Ms = 3.5 vs. 2.6, respectively), F(1, 898) = 26.63, p \ 0.0001.
Census-tract Level Data
Participants came from 93 census tracts. There was an average of 9.8 (SD = 8.2) participants from each of the 93 census tracts (range = 1-38). The average sex ratio in the census tracts was 78.6 (SD = 14.1; range = 39.4-130.7). The sex ratio was \100 in the majority of census tracts (n = 87; 94%). The census tracts were characterized by high levels of unemployment and poverty. Among all African-Americans living in these census tracts, 65% had a high school education or less, 8% were unemployed, and 32% had an income at or below the poverty level (United States Census Bureau).
Multilevel Models
In all models, the outcome was the number of opposite-sex sexual partners in the past 3 months. In Model 1, no predictors were included (i.e., an unconditional means model; see Table 1 ). In this model, the covariance parameter estimate for the intercept was significant, (estimate = 0.014) Z = 1.75, p \ 0.05 (1-tailed test), indicating that there was significant variation among census tracts in the number of sexual partners that could be explained by adding predictors to the model.
In Model 2, the Level 2 predictor, sex ratio in the census tract (grand mean centered), was included. This variable was not significant (estimate = 0.002), indicating that the sex ratio was unrelated to the number of sexual partners. There was still significant variation in the number of sexual partners among census tracts (estimate = 0.014), Z = 1.73, p \ 0.05.
In Model 3, the Level 1 predictor, gender (centered within group), was included. This predictor was significant (estimate = 0.22), indicating that there was a relation between gender and the number of sexual partners, within each census tract (p \ 0.001). Men had significantly more sexual partners in the past 3 months than did women, within each census tract. After including gender, the variability in the number of sexual partners among census tracts remained significant (estimate = 0.014), Z = 1.73, p \ 0.05. There was also significant variability between census tracts in the relation between gender and the number of sexual partners (estimate = 0.073), Z = 2.24, p \ 0.01, indicating that the gender differences in the number of sexual partners varied from tract to tract.
In Model 4, both the Level 1 and Level 2 predictors were included; thus, this model included gender, the sex ratio in each census tract, and the interaction between gender and the sex ratio, as predictors of the number of recent sexual partners. In this model, there was a significant gender-bysex ratio interaction (estimate = -0.01, p \ 0.05). An increase in the sex ratio in the census tract was associated with a slight decrease in the number of sexual partners for men, but this decrease was not significant. An increase in the sex ratio was associated with an increase in the number of sexual partners for women. (Because data were overdispersed, models were rerun using a negative binomial distribution, with similar results.) After including the two predictors and their interaction, the variability among census tracts remained significant (estimate = 0.013, Z = 1.67, p \ 0.05) as did the variability among census tracts in the relation between gender and the number of sexual partners (estimate = 0.065), Z = 2.09, p \ 0.01.
Because women were more likely to report trading sex for money or drugs, which could influence (strongly) the number of sexual partners reported, a supplemental Table 1 Multilevel models predicting number of sexual partners in the past 3 months using gender and census tract male-to-female ratio analysis including a three-way interaction between gender, sex ratio, and sex trading was conducted. In this model, sex trading was significant (estimate = -0.31, p \ 0.01), but gender, the sex ratio, and the interaction between gender and the sex ratio were not significant (all p's [ 0.10). The covariance parameter for the intercept was 0, indicating that the inclusion of sex trading (and sex trading interactions) explained all the variability in the number of sexual partners between census tracts. The three-way interaction of gender, the sex ratio, and sex trading was not significant (p [ 0.10), indicating that the relation between the gender-by-sex ratio interaction and the number of partners did not differ for participants who did and did not trade sex. Additionally, the interaction between gender and the sex ratio was not significant for participants who did not trade sex (estimate = -0.005, p [ 0.10), or for participants who did trade sex (estimate = -0.011, p [ 0.10). However, despite the lack of a significant three-way interaction, and the lack of a significant gender by sex ratio interaction for participants who reported trading sex, the gender by sex ratio interaction was larger for participants who traded sex than for participants who did not trade sex; this interaction was very close to zero for individuals who did not trade sex. Thus, it is likely that women who traded sex largely drove the genderby-sex ratio interaction in the initial analyses, and the nonsignificant three-way interaction and non-significant interaction between gender and the sex ratio for individuals who traded sex is due to a lack of power. The graph in Fig. 1 , which depicts the predicted number of sexual partners for men and women who do and do not engage in sex trading for census tracts of differing sex ratios, shows that the strongest association between the sex ratio and the number of sexual partners is for women who reported trading sex.
Discussion
The low ratio of men to women among African-Americans has been hypothesized to increase sexual risk behavior, by leading to multiple sexual partners for men (Lane et al. 2004; Logan et al. 2002; Mays and Cochran 1988; McNair and Prather 2004) ; this partner concurrency is hypothesized to increase risk for female partners who tolerate ''mansharing'' (Ferguson et al. 2006 ) rather than forgo the benefits of an intimate relationship with a male partner. This is one of the first studies to investigate the relation between ratio of men and number of recent sexual partners, quantitatively, in a large urban sample using multilevel modeling.
We found that there was a shortage of African-American men relative to women in most census tracts and, consistent with prior research, men reported more sexual partners than did women (Cubbins and Tanfer 2000; Laumann et al. 1994) . However, contrary to our hypotheses, we did not find that a lower sex ratio was associated with more sexual partners for men. The association between the sex ratio and number of sexual partners was in the hypothesized direction (i.e., a slight increase in number of sexual partners for men as the sex ratio decreased), but this association was non-significant. However, because the majority of census tracts had a shortage of African-American men (i.e., a restricted range), we can only conclude that in areas where there is a shortage of men, the sex ratio is unrelated to men's number of recent sexual partners. A stronger empirical test would have been possible if we had been able to include more census tracts with a surplus of men.
Also contrary to our hypotheses, there was an association between the sex ratio and the number of recent sexual partners for women; that is, as the sex ratio in a census tract increased, the number of sexual partners increased for women. However, this association seems to have been driven by women who exchanged sex; that is, as there were more men in a census tract, there were more potential clients for these women. Alternatively, as there were more women in a census tract (i.e., a low male-to-female ratio), women who traded sex may have had more difficulty attracting male clients, because there were more available sexual partners for men who did not require payment. Future research will need to investigate further the effects of sex trading on the relation between the sex ratio and the number of recent sexual partners.
The role of multiple partnerships in HIV transmission is recognized as important. Epstein (2007) provides a compelling epidemiologic case for the critical role of partner concurrency in the HIV epidemic in sub-Saharan Africa. Mathematical models have shown that concurrent partnerships increase the size of an HIV outbreak (Morris and Kretzschmar 1995) . In the U.S., research suggests that Fig. 1 Predicted number of partners for men and women who do and do not trade sex, as a function of the sex ratio concurrent partnerships accelerate heterosexual HIV transmission among African-Americans (Adimora and Schoenbach 2005) . It is known that multiple partnerships are more likely among young, unmarried men, and that there appears to be an escalating pattern of multiple partnerships in the U.S. beginning in the 1960s (Laumann et al. 1994) . Research might examine the socioeconomic context that supports such patterns of sexual behavior.
A significant strength of this investigation was the large number of both Level 1 (participants) and Level 2 (census tracts) units. These sample characteristics allowed us to use multilevel modeling to estimate nested effects, and to investigate the interaction between individual-and population-level variables. Additional strengths of this study include its guidance by both theory and formative research.
We also wish to acknowledge limitations of the study. First, patients attending an STD clinic are not representative of the general population; thus, these results may not generalize to other population sub-groups. In addition, these participants met inclusion criteria for and agreed to participate in a larger RCT; thus, the sample may not be representative of all patients attending an STD clinic. Second, census tract was used as a group-level variable; however, census tracts may not reflect perfectly the social network from which participants choose their partners. Research indicates that people live in close proximity to their sexual partners (Massey and Denton 1993; Zenilman et al. 1999) , but the choice of partners may extend beyond census tract boundaries. Third, nearly all census tracts (94%) had more women than men, creating a restricted range of values on this variable; however, there are few cities in the U.S. where there are more African-American men than women. Finally, although the measure used in the study (number of sexual partners in the past 3 months) likely captured concurrent sexual partnerships, it is possible that participants had multiple non-overlapping partnerships during that time frame. Detailed data on the beginning and ending dates of sexual partnerships were not available.
Multilevel modeling is an important statistical tool to understand health and behavior because it allows the inclusion of both individual-level and group-level correlates in a single analysis (Diez-Roux 1998; Duncan et al. 1996; Jones and Duncan 1995) . Previous analyses found an association between the male-to-female ratio and STD rates, but were unable to investigate the influence of gender (Kilmarx et al. 1997; Thomas and Gaffield 2003; Thomas and Sampson 2005) . By utilizing multilevel analysis, we estimated both individual-and population-level effects, and explored the interaction between the individual-and population-level variables. Research on the dynamics of sexual partnerships, and the implications of these partnerships for disease transmission, can enhance understanding of the social and structural determinants of disease; this information can be used to address the disparities now evidenced in the epidemiology of all STDs.
